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The Hamster Ear Sebaceous Glands. I. Examination of the Regional 
Variation by Stripped Skin Planimetry 
JONATHAN R. MATIAS, M.S. AND NORMAN 0RENTREICH, M .D., F.A.C.P. 
Orentreich Foundation for the Advancement of Science (JRM), New Yorh, and Department of Dermatology, New Yorh University School of 
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A stripped skin planimetric method was developed to 
measure the ear sebaceous gland areas using a Numonics 
Graphics Calculator. The ear skin was manually sepa-
rated from the cartilage and the area of the sebaceous 
gland units observed from the underside was deter-
mined. This procedure is less time-consuming than stan- · 
dard histologic techniques. Using stripped skin planim-
etry, it was demonstrated that the sebaceous gland size 
was greatest at the basal region of the ear and decreased 
toward the periphery. Regional variations in the density 
of the sebaceous gland units were also observed. In using 
the ear sebaceous model system it is important to stan-
dardize the site of biopsy in order to avoid sampling 
errors. The increase in ear sebaceous gland area from 
weaning to sexual maturity in the male hamster parallels 
the increase in flank organ area. This observation sug-
gests that the ear and the flank organ sebaceous glands 
are comparable sebaceous models since they show a 
similarity in their response to the changing hormone 
levels during sexual maturation. 
The hamster ear sebaceous glands have .been proposed as a 
model system for human sebaceous glands because of the 
similarities in morphology and in turnover time [1]. As an 
androgen-sensitive structure, the ear sebaceous glands have 
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been used to determine the effect of a number of antiandrogenic 
compounds by the use of histoplanimetry on projections of 
sagittal sections of the ear [2-4). 
We have developed an alternative method of evaluation 
which involves the manual separation of the ear skin from the 
cartilage and the measurement of the sebaceous gland areas 
observed from the underside of the skin. This report describes 
the use of this technique to demonstrate the regional variation 
in ear sebaceous gla.nd size and to compare the growth rate of 
the ear sebaceous glands with the flank organ during sexual 
maturation of the male Syrian hamster. 
MATERIALS AND METHODS 
Syrian golden hamsters were purchased commercially (Engle Labo-
ratory Animals, Inc., farmersbw·g, Indiana) and maintained at a pho-
toperiod of 14 h of light and 10 h of darkness. Food and water were 
provided ad libitum. 
Hamsters were anesthetized with ether or by the intraperitoneal 
injection of sodium pentobarbital (50 mg/ kg). The ears were removed 
by cutting at the base using surgical scissors. The dorsal ear skin was 
gently pulled away from the supporting cartilage, starting at the base 
and extending distally. The ''stripped skin" was then placed in 0.9% 
saline with the epidermal side facing the bottom of the dish. The 
cartilage was gently scraped off with a scalpel. After rinsing with saline, 
the ears were fixed in :10% phosphate-buffered formalin. 
Biopsies of specified regions of the ear were obtained using a 2 rom-
diameter dermal punch and were mounted unstained between 2 glass 
slides. The sebaceous glands were observed from the underside using a 
the Advancement of Science, Inc., 910 Fifth Avenue, New York, New 
York 10021. 
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binocular microscope (Ortholux II , Leitz). The area of the gland was 
determined with the aid of a drawing attachment (Leitz) to give a final 
lineru· magnification of 160:1. The gland outlines were traced and the 
ru·ea measured using the Numonics Model 1224 Graphics Calculator 
(Numonics Corp., Lansdale, Pennsylvania). From each biopsy specimen 
10 sebaceous glands were measured and the value expressed in 
mm2 x 10- 3• 
Male hamsters (4.5-15.5 weeks of age) were anesthetized and the 
flanks were shaved with an electric clipper. The outline of the flank 
organ pigmentation was traced by placing a transpru·ent tape over the 
flank organ. For each animal the sebaceous gland areas of the medial 
zone of the ventral ear skin and the areas of the flank organ pigmen-
tation were measmed planimetrically as described above. 
RESULTS 
The dermis of the ear was sufficiently thin after the separa-
tion of the cartilage from the ear skin to allow direct observation 
of each sebaceous gland unit from the underside without the 
FIG 1. Macrophotographs of the entire ventral ear skin of the adult 
male (a) and female (b) Syrian hamsters. Bars= 5 mm. 
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need for staining. The present technique required less than 5 
min to complete for each ear sample so that an immediate 
evaluation of the sebaceous glands was possible. When observed 
under incident illumination the sebaceous acini appear white 
and upon transillumination the acini appear as a dark gray 
lobulated mass surrounding the centrally located hair follicle. 
When the entire ventral ear skin was observed, it was evident 
that the sebaceous gland size varied greatly from the base to 
the apex. Macrophotograph of the underside of the entire 
ventral ear skin of a normal adult male (Fig la) illustrates this 
observation. The sebaceous glands were smaller along the pe-
riphery of the ear skin and increased in size toward the basal 
area. Such regional changes were not as marked from the 
macrophotograph of the ventral ear skin of the female because 
of the smaller sebaceous glands (Fig lb) . 
To standardize the areas of biopsy, 3 distinct zones were 
established at the midline of the ear skin: (a) the apical zone, 
which extends from the apex to 3 mm; (b) the medial zone, 
which comprises an area of 5-8 mm from the apex; and (c) the 
basal zone, which extends from 10-13 mm from the apex. 
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Frc 3. Sebaceous .gland size at various regions of the dorsal and 
ventra l ear skin of adult male and fema le hamsters. Each point repre-
sents the mean and SEM of 6 animals. 
FIG 2. Macrophotograph of the eru· 
sebaceous glands at specific regions of 
the ventral ear skin of adult male and 
female hamsters. 2a (Apical zone), 2b 
(medial zone), and 2c (basal zone) rep-
resent those of the male sebaceous 
glands. 2d (Apical zone), 2e (medial 
zone), and 2{ (basal zone) represent those 
of the female sebaceous glands. Bars = 
0.2 mm . 
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FIG 4. The density of the sebaceous glands at different regions of 
the Syrian hamster ear skin. Each value represents the mean ± SEM 
of 6 animals. 
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FIG 5. The increase in size of the medial ear sebaceous glands 
(ventral skin) and the total size of the flank organs with age in the male 
Syrian hamster. Each point represents a mean ± SEM of 10 animals. 
Measurements made on 10 sebaceous glands at the central area 
of each biopsy were sufficient to give a reproducible value for 
each animal. Since the ear pinnas of comparable ages are similar 
in size, the separation of the zones by linear measurements was 
sufficient for the standardization of all biopsies. 
The morphology of the sebaceous glands was variable at each 
site (Fig 2) . Along the apical and medial zones, each hail· follicle 
was associated with 2 sebaceous acini. However, the sebaceous 
glands along the basal zone were composed of multiple acini of 
variable dimensions. The data in Fig 3 illustrate that: (a) the 
present technique adequately showed the sexual dimorphism 
of the hamster ear sebaceous glands; (b) the glandular size 
varied among regions of the ventral ear skin of both male and 
female; (c) the ventral ear sebaceous glands were bigger than 
the dorsal ear sebaceous glands; and (d) there were minimal 
regional variations in sebaceous gland size in the dorsal ear skin 
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of both male and female hamsters. The observation that the 
size of the ventral sebaceous glands was greater than that of 
the dorsal sebaceous glands is in agreement with the previous 
report by Plewig and Luderschmidt [1]. 
The density of the pilosebaceous units was also variable (Fig 
4). Highest density was observed in the apical zone and de-
creased toward the basal zone. The density at the apical and 
medial zones of the ventral ear skin was greater compared to 
corresponding zones of the dorsal ear skin. However, the density 
at the basal zones of the dorsal and ventral skins showed no 
differences. The pilosebaceous unit appeared randomly distrib-
uted at the apical zone, while paired pilosebaceous units were 
commonly observed at the medial zone. This pairing pattern 
was occasionally seen at the basal zone although the random 
arrangement of sebaceous glands was more common. 
The stripped skin planimetry technique was used to compare 
the development of the ear sebaceous glands with the total size 
of the flank organ, from weaning to sexual maturity, in male 
Syrian hamsters. Fig 5 demonstrates that the increase in ear 
sebaceous gland size with age parallels the increase in the total 
size of flank organ. Gland size remained small up to 8 weeks of 
age and was followed by a sharp increase until12 weeks of age. 
DISCUSSION 
The ear sebaceous glands of the hamster serve as a good 
model for human sebaceous glands [1]. However, the histologic 
technique necessary for the evaluation of the effect of drugs on 
the ear sebaceous glands is time-consuming and cumbersome. 
Numerous planimetric measurements of sebaceous glands seen 
on sagittal sections of the ventral ear skin are requil·ed to 
generate a statistically valid estimate of glandular size. The 
method presented in this report is simple, quicker, and less 
expensive. Furthermore, the sebaceous glands measured from 
the underside of the ventral ear skin represented the entil·e area 
of each sebaceous gland unit. A reproducible value for each 
biopsy could easily be determined by measurement of a small 
number of sebaceous glands. 
The effects of a variety of antiandrogenic compounds on the 
cellular kinetics and glandular size of the ear sebaceous glands 
of the hamster have been reported [2-4]. However, the region 
of the ear skin used for these studies may not have been 
considered. Since there are wide variations in sebaceous gland 
size at different regions of the hamster ear skin, it is important 
that the site of biopsy be standardized in order to eliminate the 
possibility of sampling errors. 
Within a given species, various skin glands may serve differ-
ent functions and may show a different magnitude of response 
to the same hormonal stimulation [5]. For example, in the rat 
the cutaneous sebaceous glands and the preputial gland are 
influenced by the pituitary and by steroidal hormones to vaTy-
ing degrees [6]. Since the structural features of the hamster 
flank organ sebaceous glands diverge markedly from those of 
the ear sebaceous glands [1, 7], the responsiveness of each gland 
type to the same hormonal stimuli may also be different. Our 
findings indicate that the ear sebaceous glands and the flank 
organ enlarge at approximately the same rate and reach maxi-
mal size at approximately the same time during sexual matu-
ration of the male Syrian hamster. 
While the function of the flank organ is well known [8], the 
significance of the enlarged sebaceous glands of the ear skin is 
still speculative. Since sebaceous secretions are generally used 
by mammals in inter- and intraspecific communication [5], the 
same function may be attributed to the ear sebaceous glands. 
Although sniffing of the head region constitutes a significant 
part of the hamster behavioral repertoil·e, the specific role of 
the ear sebaceous secretions in hamster behavior or physiology 
remains to be clarified. 
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Intermediate Filaments of the Vimentin and Prekeratin Type in Human 
Epidermis* 
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Monospecific antibodies to intermediate filaments of 
mesenchymally derived vimentin, applied to frozen sec-
tions of human skin, specifically stained dendritic basal 
and suprabasal cells. Cellular morphology, distribution, 
reaction pattern with anti-HLA-DR in serial sections, 
and OKT6 in double-staining procedures identified these 
cells as melanocytes and Langerhans cells. As shown 
previously in animals keratinocytes stained with anti-
prekeratin exclusively. Thus, vimentin is an intracellular 
marker for Langerhans cells and melanocytes, differen-
tiating them from keratinocytes. 
Intermediate filaments (diameter 7-11 nm) are known to 
occur in many cell types of various origin but are difficult to 
distinguish by structural criteria because of a similar morphol-
ogy. Recent developments have provided specific antibodies to 
each of the currently known 5 subclasses of intermediate fila-
m ents. Cytokeratins are typical of various epithelial cells; neu-
rofilaments are characteristic of most neurons. Desmin flla-
m ents are found in various muscle types. Glial fibrillary acid 
protein is restricted to astrocytes and Bergman glia cells, while 
the fifth filament system, the vimentin system, is more broadly 
distributed. Vimentin filaments are routinely detected in frozen 
tissue sections in cells of mesenchymal origin and certain other 
nonepithelial cells of various other tissues (for reviews see [1-
3]). 
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Abbreviations: 
FITC: fluorescein isothiocyanate 
LC: Langerhans cell(s) 
PBS: phosphate-buffered saline 
TRITC: tetramethyl rhodamine isothiocyanate 
In normal human epidermis, in addition to keratinizing epi-
thelial cells, we find a variety of nonkeratinizing "clear" cells 
including melanocytes, Langerhans cells (LC), Merkel cells, and 
some indeterminate clear cells whose origin is either unknown 
or at least controversial. In order to obtain more information 
on the ontogeny of these cells we have analyzed normal human 
epidermis by immunofluorescence microscopy with affmity-pu-
rified prekeratin and vimentin antibodies. 
MATERIALS AND METHODS 
Preparation of Specimens 
Four-millimeter punch biopsies were obtained from the normal or 
uninvolved human skin of 12 volunteers and from 2 patients with blue 
nevus, and 2 with vitiligo. Biopsies were done under local anesthesia 
(1% Meaverin) . They were embedded in gelatin caps using 10% gelatin, 
placed in a 15-ml aluniinum box, tigh tly closed, and immediately frozen 
in liquid nitrogen. Sections (2-6 J.Lill) were cut in a Minotome cryostat 
(Damon, Needham, Massachusetts) and placed on glass slides. The 
probes were air dried for 2 h, fixed in acetone at -10°C for 10 min, and 
processed for immunofluorescence microscopy. Specimens were 
mounted and examined with an epifluorescence microscope (Leitz, 
Wetzlar, F.R.G.). 
A ntibodies 
Antibodies were raised in guinea pigs against vimentin from mouse 
3T3 fibroblasts and against pre keratin, purified from the squamous and 
horny layer of cow hoof [ 4,5]. Antibodies were purified by affinity 
chromatography on vimentin from chondrocytes or prekeratin from 
cow hoof, covalently coupled to Sepharose 4B. Monospecific vimentin 
antibodies were applied at a concentration of 0.05 mg/ ml in phosphate-
buffered saline (PBS) . Fluoresceinisothiocyanate (FITC)-labeled rabbit 
anti-guinea pig IgG was pu1·chased from Miles-Y eda (Israel) and used 
at a final concentration of less than 0.4 mg/ ml. In some cases the 
second antibody was absorbed on monolayers of Hela cells, which had 
been fixed with methanol. Further antibodies used were: FITC-labeled 
antihuman HLA-DR (0.1 mg/ ml; Becton Dickinson, Mountain View, 
California) and monoclonal mouse antibody OKT6 (Ortho, Raritan, 
New J ersey). These antibodies are specific for LC in the epidermis 
[6, 7). Tetramethyl rhodamine isothiocyanate (TRITC)-conjugated goat 
antimouse IgG (0.88 mg/ ml) was obtained from Tago, Burlingame, 
California. 
